INTRODUCTION
In the Port Phillip Bay area of south-central Victoria, four Tertiary depressions are recognised: Torquay Basin, Sorrento Graben, Port Phillip Basin and Ballan Graben. These four depressions form the Central Coastal Basins (Abele et al . 1976) . They border uplifted areas ranging from the Lower Cretaceous of the Otway Ranges, Barrabool Hills and Bellarine Peninsula, to Palaeozoic rocks of the Mornington Peninsula -King Island Ridge, and outcropping basement to the north of the central coastal region. A fifth basin-the Westernport Basin, east of the Mornington Peninsula -King Island Ridge near the western extremity of the Gippsland Basin-is considered part of the Central Coastal Basins, although its southern extension may connect to the Bass Basin ( Figure 1 ).
All these basins contain a Tertiary stratigraphic succession with similarities to the Otway, Bass and Gippsland Basins. Faulting along the margins of the uplifted Mesozoic and Palaeozoic blocks is pervasive and in most cases controls the boundaries to the basins and grabens of the Central Coastal Basins.
The sedimentary fill of the Central Coastal Basins is characterised by continental (coal-bearing) to paralic strata overlain by younger marine strata. Relative ages of the strata vary from one basin to the other and there are lateral facies changes. The younger marine strata are generally overlain unconformably by Plio-Pleistocene marine and continental sediments, volcanic basalts and Quaternary deposits. The unconformity represents a period of basin uplift and erosion in the Late Miocene/ Early Pliocene (Dickinson et al . 2001) . Figure 1 shows a compilation of base-of-Tertiary contours (extrapolated beneath Port Phillip Bay) by using approximately 50 key boreholes. Total Tertiary/Quaternary thicknesses increase southeast from a few hundred metres in the Ballan Graben/ Lal Lal Basin, to >400 m in the Parwan Trough, and over 1000 m in the Sorrento Graben. Approximately 200 m of contiguous strata occur in the Westernport Basin.
In this paper, the coal-bearing sediments of the Port Phillip Basin, Ballan Graben and Sorrento Graben are described. Torquay Basin coal successions have been previously described in detail by Holdgate et al . (2001b) . This paper aims to: (i) summarise the stratigraphy and coal geology of the main coal-bearing intervals; (ii) document the coal quality/lithotype data; and (iii) discuss the stratigraphy, palaeogeography and depositional setting of the coal-bearing intervals, and compare these with the Gippsland Basin.
HISTORICAL PERSPECTIVE AND PREVIOUS WORK
With its proximity to the Melbourne markets, the Port Phillip Basin received early attention from coal explorationists. Between 1890 and 1894 shafts sunk at Altona (a western suburb of Melbourne) intersected a 30 m-thick coal seam below 180 m of basalt and marlstone. Coal was extracted from the shafts until 1919 (Abele et al . 1976 ). Later, a 40 m-thick brown-coal seam near Bacchus Marsh (40 km west-northwest of Melbourne) was discovered *Corresponding author: g.holdgate@earthsci.unimelb.edu.au (Figures 3, 4, 7) , key bores, basement outcrops, faults and major sub-basins. Contours in the Westernport Basin are derived from cross-sections of Jenkin (1962). during the construction of a railway viaduct across the Werribee River (Figure 1 ). Subsequent drilling established sufficient reserves to commence mining operations in 1929. Opencut developments followed at Lucifer, Star, Boxlea and Maddingley No. 1 and 2 mines, all near Bacchus Marsh. Most opencuts have ceased operations and have been backfilled, although up to 100 000 t of coal are still mined each year at Maddingley No. 2 opencut mine (Figure 1) .
Drilling results from a few government boreholes between Altona and Bacchus Marsh suggested that the two coal deposits were linked beneath the Werribee Plains, but the overlying thick Younger Volcanics basalt precluded economic development. The coal resource was estimated to be over 7500 Mt (Thomas & Baragwanath 1950) , and this coal resource is second only in Victoria to the Latrobe Valley (VBCC 1983) . In the 1980s exploration by Conzinc Riotinto (Australia) Ltd (CRA) for coal-to-oil resources occurred over the Werribee Plains. Drilling established coal seam continuity and provided some details of coal quality between Bacchus Marsh and Altona (Preston 1981; CRA 1982 CRA -1989 The stratigraphy and structure of the Bacchus Marsh/ Altona coalfields is described in detail by Thomas and Baragwanath (1950) , Kenley (1967) and Knight (1967) . Dating of the coal deposits was by Parr (1942 ), Taylor (1963 , Partridge (1971) and Christophel (1985) . More recent reviews of the coal deposits and their geological setting include those by Gloe (1975 Gloe ( , 1976 , Ripper (1975) , Abele et al . (1976) and VBCC (1983) . Recent palynological dating on the coal measures is given by Partridge (1997a Partridge ( , b, 1998 Partridge ( , 2001a . Copies of all the palynological reports are held at the Earth Sciences Department, University of Melbourne.
STRUCTURE AND STRATIGRAPHY
The stratigraphic units of the Port Phillip Basin (including the Ballan Graben, Parwan Trough and Sorrento Graben) are shown on Gravity and magnetic surveys (Zadoroznyj & Gunn 1975) indicate that gravity lows coincide with each graben and trough, but show no continuous connections. Subsequent drilling data for brown-coal exploration has established the northwest-and west-trending Ballan Graben and Parwan Trough to be continuous with the Sorrento Graben (Figure 1) . Therefore, gravity highs between the sub-basins are probably due to localised thickening of the overlying Younger Volcanics. Abele et al . (1976) believed that the stratigraphy of the Port Phillip Basin is a northern extension to the Torquay Basin to the south, and an eastern continuation of the Otway Basin to the west. However, because of lateral facies variations and correlation difficulties some locally derived stratigraphic nomenclature has been created ( Figure 2) Zone (Partridge 1971 , 1997b .
Stratigraphy of the main coal-bearing formations
The Werribee Formation is disconformably overlain by marine sandstone and mudstone/marlstone of the Fyansford Formation dated by foraminifers to the upper part of the Early Miocene N6 zone (Parr 1942; Taylor 1963; Gallagher 1998) . A previously unnamed 1-6 m-thick coal seam in the Fyansford Formation approximately 10 m above the Maddingley Seam, is here referred to as the Truganina Seam (Holdgate 1996) . It is overlain by Fyansford Formation marlstone of N7-8 age (Parr 1942; Taylor 1963; Gallagher 1998) . At Bacchus Marsh the Fyansford Formation and Truganina Seam are absent in the mine areas, and at the Maddingley No. 2 opencut mine ligneous claystones 2 m above the coal seam contain spore-pollen fossils correlating to the Triporopollenites bellus Zone (Christophel 1985) .
The base of the Werribee Formation, defined for convenience at the base of the Older Volcanics basalt in (Ripper 1975) .
In the Sorrento Graben, basal non-marine Tertiary to Upper Cretaceous sediments and Tertiary volcanics have been intersected by two deep bores on the Nepean Peninsula (Nepean 37 and 38) and are assigned to the Eastern View Formation by Ripper (1980) 
Stratigraphy of younger non-coal-bearing formations
In the Parwan Trough, the Werribee Formation is conformably overlain by marine carbonate sediments referred to in the Melbourne area as the Newport Formation (Thomas & Baragwanath 1950) , and later referred to as the Fyansford Formation by Abele et al . (1976) . They include over 100 m of calcareous marlstone, glauconitic clayey siltstone and sandstone. The Fyansford Formation ranges in age from late Early Miocene (N6) immediately above the Maddingley coal seam, to late Middle Miocene (N10-N13). The facies were deposited from inner to outer shelf water depths (Gallagher 1998). In the Parwan Trough, the Fyansford Formation thins northwards towards Bacchus Marsh Bores in the Parwan Trough include up to 40 m of shelly ferruginous sandy siltstone and sandstone above the Fyansford Formation. These rocks are referred to as the Moorabool Viaduct Formation (Holdgate 1996) are Early Pliocene in age, and were deposited at inner to mid-shelf water depths (Gallagher 1998). Bore sections suggest that they may be unconformable on the Fyansford Formation.
The Moorabool Viaduct Formation in turn is disconformably overlain by Younger Volcanics basalt (Figures 3, 4) . These extensive and thick basaltic flows and intercalated sediments of Plio-Pleistocene age cover the onshore Port Phillip Basin between Melbourne and Geelong. Across the Werribee Plains they exceed 120 m in thickness and are rarely eroded through except by the Werribee River at Bacchus Marsh. CRA drilling indicates that the basalts occur as two major valley-fill flows that decrease to a thickness of less than 20 m in the interflow areas. The basalts appear to mostly pinch out near the coast of Port Phillip Bay, but can extend 5 km offshore from Altona (Holdgate et al . 2001a) . Magnetic data indicates their offshore extension between Little River and Portarlington. In the northwest, the basalts extend into the Ballan Graben 
DETAILED COAL GEOLOGY
An isopach map showing the distribution of the Maddingley Seam is given in Figure 6 . The seam appears to be confined to the Parwan Trough. The axis of the trough is oriented north-northwest-south-southeast between Bacchus Marsh and Altona (Figure 1) . The Maddingley Seam occurs over a strike length of 35 km and has a width of 10-15 km. The maximum seam thickness is 40 m thinning to zero on the north-northeast and south-southwest flanks of the Parwan Trough and over localised basement highs. The top of the Maddingley Seam is interpreted to be a significant disconformity represented as an erosional surface ( Figure 5 ). In detail the coal-seam thickness appears to be controlled by the erosion event-compare a seam thickness of 27 m in Cobbledick 1 to 40 m in Ballan 1 along strike. At Altona the Maddingley Seam is thinner than at Bacchus Marsh and was originally named the Altona Seam by Thomas and Baragwanath (1950) . At Bacchus Marsh and Altona the seam has an Upper P. tuberculatus Zone (Early Miocene age) (Partridge 1971 (Partridge , 1997b . However, dating of a clay split in the lower part of the seam in the Point Cook 1 bore suggests that it may extend down to the Oligocene Lower P. tuberculatus Zone (Partridge 2001c), indicating discontinuities in the seam (Figure 3) .
South of Altona the Maddingley Seam probably continues under Port Phillip Bay. At Mornington, on the eastern side of the bay, outcrops of carbonaceous sandstone, claystone and thin coal underlie Fyansford Formation marlstone and overlie Older Volcanics basalt (Keble 1950; Gostin 1964 Gostin , 1966 . The carbonaceous sediments were referred to as the Mt Martha and Harmon Rocks Sand beds (Gostin 1966) , and have a similar Upper P. tuberculatus Zone age to the Altona and Bacchus Marsh coals (Partridge 1998). An interpreted facies transition through a barrier complex into Fyansford Formation is present in the southern part of Port Phillip Bay, because Upper P. tuberculatus Zone sediments at Sorrento are marine Fyansford Formation marlstone (Figures 6, 7) . Similar, but undated carbonaceous sediments described by Keble (1950) and Gostin (1966) underlying Older Volcanics in this area, are assumed to be Eocene.
The western limits of the Maddingley Seam appear to be controlled by structural and facies changes. A cross-section (Figure 4) shows that the Maddingley Seam thins towards the western edge and appears to pinch out between bores MB020 and Mambourin 1, where a 40 m-thick sandstone interval is present. This location also coincides with where the underlying Werribee and Yaloak Formations thin at the edge of the Parwan Trough. The sandstone interval is believed to preserve a barrier-sand facies transition between the Maddingley Seam and more-calcareous units of the Fyansford Formation (annotated in Figure 4 as the Puebla Clay equivalent). Nearer Geelong the Maddingley Seam is absent and the Fyansford Formation rests disconformably on thin coal-poor Werribee Formation sandstone and claystone. Extensions to the Maddingley Seam may occur on the Bellarine Peninsula where bores SR001 and SR002 include thin coal seams underlying Fyansford Formation claystone (Figure 7 ). However, it is not clear whether these seams belong to the Werribee Formation or the Yaloak Formation as they are undated.
Thinner and more discontinuous coal seams occur in the Yaloak Formation, and appear to occur in two sections.
(1) The late Middle Eocene Lower N. asperus Zone includes three to four seams with a maximum seam thickness of 3-4 m. These coals are interbedded within sandstone and carbonaceous claystone, and principally occur in the Parwan Trough. In the Sorrento Graben at Nepean 37 bore a thin coal seam at 1007.9 m was also assigned to the Lower N. asperus Zone (Ripper 1980) . All the coals in the Lower N. asperus Zone appear to be equivalent to the A Group Seam at the top of the Eastern View Formation at Anglesea (Holdgate et al . 2001b) (Figure 2) .
(2) The earliest Eocene coals of the M. diversus Zone belong to the Yaloak Formation. They consist of seams up to 15 m thick, with several thinner 2-3 m seams interbedded with carbonaceous claystone and minor sandstone. These coals principally occur in the Ballan Graben. The M. diversus Zone coals correlate with the B and C Group Seams of the Eastern View Formation at Anglesea (Holdgate et al . 2001b) (Figure 2 The brown-coal seams of the Werribee Formation are mined at Bacchus Marsh and have been mined in the past at Altona. The Maddingley Seam has an as-mined average moisture content at Bacchus Marsh of 60%, with an average ash content of 2.6% (dry basis). At Altona the moisture content is lower (55%), but the ash content is higher at 5.2% (Gloe 1976) . Immediately south of the Maddingley No. 2 opencut, a considerable part of the seam appears to have an ash content of over 10% [e.g. the ash content in CRA bore BM015, 5 km to the south (CRA 1982 (CRA -1989 . A detailed core analysis of the coal seam in bore MB026 (CRA 1982 (CRA -1989 and in Cobbledick 1 (Figure 5 ) midway between Bacchus Marsh and Altona shows that the seam contains thin interbeds of sandstone and claystone, some of which appear to occur at similar stratigraphic levels in other bores. The calorific value of the coal as-mined at Bacchus Marsh and Altona averaged 23.0 MJ/kg on a gross dry basis (Gloe 1976) . The sulfur content of the coal was relatively high for both mined areas at approximately 2.7%. Analysis by CRA on the BM015 bore near Bacchus Marsh indicated a sulfur content of over 4.5% in the upper and lower 6 m of the seam, with values in the middle part averaging 3% (CRA 1982 (CRA -1989 . The Truganina Seam in bore BM016, also near Bacchus Marsh (Figure 3) , has an ash content of 13.2% (dry basis), with a sulfur content of 5.25% (dry basis).
A coal lithotype log of the Maddingley Seam in Parwan 66 bore (Maddingley No. 2 opencut: Figure 8 ) was derived from Higgins et al . (1981) . Together with two measured mine-wall transects (Sharp 1999), these data indicate unusually high percentages of medium-light to light lithotypes (81%), compared to a typical figure of <60% for Latrobe Valley coals. The medium-dark lithotypes occur near the base and top of the seam and no dark lithotypes occur. The seam is also known to be quite woody, with common species of kauri wood occurring in the mediumlight layers every 6-8 m (Figure 8 ). However towards the Altona end of the deposit the percentage of medium-light to light lithotypes decreases and the percentage of mediumdark to dark lithotypes increases. Around the middle of the seam occurs a woody medium-dark interval with accompanying high sulfur content. At this level some bores include a siltstone interseam split (e.g. Cobbledick 1) where cores show bioturbation. This level appears to divide the seam into two generally lightening-upward lithotype cycles (designated A and B in Figure 8 ) and sulfur enrichment occurs at this boundary suggesting increased marine influence.
Early mining histories record the working of coal seams at Lal Lal up until 1864, but the coal quality was very variable (Thomas & Baragwanath 1950) . The quoted relatively low moisture content of 22-30% for the Lal Lal coal with an ash content of 1.8-23.0%, which may be, in part, a reflection of the older (Eocene) age of the deposit, but the analytical methods of the time are uncertain. Parr (1942) , Thomas and Baragwanath (1950) and Kenley (1967) suggested that the coal-bearing successions in the Parwan Trough preserve evidence of interbedding between coal and marine deposits. A detailed examination of the cores from Ballan 1, Cobbledick 1 and Point Cook 1 suggests that although the Maddingley Seam is overlain by marine sediments there is no obvious interbedding with marine sediments. The interbedded claystone and siltstone splits in the Maddingley Seam, and the seam-floor sediments preserve no evidence of any marine affinity (such as the presence of shelly material). Therefore, they are broadly considered here to have a non-marine origin. However, several CRA bores recorded shelly clays approximately 15-30 m below the seam (CRA 1982 (CRA -1989 , and Ripper (1975) noted the presence of limestone and shelly sandstone at a similar stratigraphic level in the Truganina 1, 2 and Deutgam 1 bores near Altona. These beds provide evidence that the Werribee Formation is not totally non-marine. The log cross-section data (Figures 4, 5) , together with palaeontological data, suggest that the upper part of the Werribee Formation sediments grade laterally southwards into the marine carbonates of the Fyansford Formation, where the equivalent marine section is preserved in the Nepean 37 bore at Sorrento.
DISCUSSION

Depositional environments for the Miocene coals of the Port Phillip Basin
Nevertheless, a brackish-marine groundwater influence in these coals is suggested by their high (>2%) organic sulfur-in-coal content, especially towards Altona. In similar Miocene-age Latrobe Valley coals, elevated organic sulfur-in-coal content has been demonstrated to relate to marine proximity (Kiss et al . 1985; Holdgate et al . 1995) because organic sulfur-in-coal is derived from sulfatereducing bacteria (e.g. Desulphovibrio desulfuricans and Clostridium desulfuricans ) with a low tolerance for the higher acidity of freshwater peats, but function better where high pH (more marine-influenced) waters occur (Diessel 1992) .
The lower ash and sulfur contents of the Maddingley coal at Bacchus Marsh contrast with higher ash and sulfur figures for this unit to the south. This evidence, together with the absence of interseam claystone splits that are usually more prevalent towards the Altona end of the Maddingley coal deposit, would seem to indicate a more landward position for the Bacchus Marsh Maddingley coals away from marine influence at the time of deposition.
The higher sulfur content near the top of the Maddingley Seam (Figure 8 ) is similar to the sulfur profiles of the Latrobe Valley coal seams where they are immediately overlain by brackish-marine sediments. In these cases, the sulfur is most likely introduced later by downward diffusion from the overlying marine transgressive units. Therefore, deposition of the Maddingley Seam most likely took place during times of high sea-level, when depositional space was available for organic preservation, in a back barrier environment. The barrier sandstone, as seen in the Mambourin 1 and MB002 bores (Figure 4) , would have prevented marine flooding into the peat swamps, but may have allowed brackish-water infiltration into the peat depositional environment via lateral groundwater exchange.
The relatively high component of medium-light to light lithotypes in the Maddingley Seam at Bacchus Marsh (Figure 8 ) is unusual for Victorian brown coal in a marginal-marine environment. Overall, in the Latrobe Valley, the coal seams have a higher darker lithotype component closer to the marine horizons . This also suggests that the coals of the Bacchus Marsh area represented a more inland location for the Maddingley Seam peat swamp, away from the palaeocoastline across Port Phillip Bay. If this is the case, the Maddingley Seam at Bacchus Marsh may have been located in an elevated (domed/ ombrogenous) part of the peat deposit, where lower water tables caused a greater degree of weathering and a more acidic environment. These conditions tend to produce the predominantly lighter coal lithotypes due to increased weathering as described by Anderson and Mackay (1990) . In the Parwan 66 lithotype borelog (Higgins et al . 1981) , the Maddingley Seam can be divided into two lighteningupward cycles separated by a medium-dark band in the middle of the seam (Figure 8) . In contrast the Maddingley Seam at Altona is made up of dark and medium-dark lithotypes with a higher sulfur-in-coal content suggesting a stronger marine influence here. The lithotypes are intermediate between these two extremes in the Cobbledick 1 and Ballan 1 bores in the central part of the deposit. A shortterm marine flooding event in the middle of the seam may be recorded by the higher organic sulfur-in-coal content at this level.
The Truganina Seam interbedding with Fyansford Formation marine shelly clays above and below is the best example in Victoria of interbedding between brown coals and fully marine carbonate sediments. The open-marine nature of the Fyansford sediments is suggested by the occurrence of biostratigraphically important planktonic foraminiferal species (Taylor 1963) . The Truganina Seam was deposited at the palaeoshoreline and has a very high sulfur content (>5%). The Truganina Seam was considered by Thomas and Baragwanath (1950) and Kenley (1967) to represent marine reworked coal from the underlying Maddingley Seam. However, we believe this is not the case because it is widely distributed and stratigraphically lies 10 m above the Maddingley Seam. Its higher ash content is not unusual for thin seams and it is here interpreted to represent an in situ coal. Unlike the Maddingley Seam below, the Truganina Seam is only thinly developed, either because of the absence of an established sand barrier system or because the full succession is not represented due to subsequent marine erosion.
To date, no chemical analyses have been carried out on the older N. asperus Zone and M. diversus Zone coals in the Parwan Trough or Ballan Graben, thus, interpretations of depositional environments or marine proximity (as indicated by sulfur content) are difficult to make. However, judging by their associated sediments it appears likely that they were probably deposited in a non-marine environment more landward than the Maddingley Seam, similar to coals at Anglesea (Holdgate et al . 2001b) .
Similarities between the Port Phillip and Latrobe Valley Miocene coal measures
In Australia, Miocene brown-coal deposits only occur in the Port Phillip and Gippsland Basins. All other brown coals, of which there are widespread examples throughout all the southern coastal basins of Australia, are Eocene in age or older (Holdgate & Clarke 2000) . Features that appear to control the location of these Australian Miocene deposits include their structural setting, palaeoenvironment and climatic factors.
(1) In both basins the coal deposits have formed in graben-like embayments adjacent to the major basinal developments, e.g. Parwan Trough is an 'embayment' to the main part of the Port Phillip Basin and the Latrobe Valley is an 'embayment' to the main part of the Gippsland Basin.
(2) In both basins the 'embayments' are barred from the major marine basinal sedimentation by a barrier sand build-up across the entrance. The barriers effectively isolated the peat swamps for long periods from marine transgression. In the Parwan Trough a sand barrier is located in the Mambourin 1 and MB002 bores between the Maddingley coal and its marine Puebla Clay equivalents (Figure 4) . The barrier is interpreted to trend southeast across the centre of Port Phillip Bay, outcropping at Mornington as the Harmon Rocks Sand. South of the barrier fully marine conditions prevailed as preserved in the thick Miocene Fyansford Formation marlstone in Nepean 37 and 38 bores (Figure 9 ). In the Gippsland Basin, the Balook Formation forms a north-south-oriented stacked barrier succession, isolating the Miocene coal deposits of the Latrobe Valley and Alberton from marine deposition in the main part of the basin (Holdgate & Gallagher 1997) .
(3) A strong association exists between thick browncoal seam developments and proximity to the marine environment. In the Parwan Trough, Latrobe Valley and at Alberton, the thickest Miocene coal seams occur adjacent to a sand barrier system often overlying and interbedded with marine-influenced sediments, and are enriched in brackish-marine groundwater-derived organic sulfur ( Figure 8) .
(4) A correlation exists between thick Miocene brown coals and subtropical environmental conditions prevailing at the time. The coals are concentrated along specific palaeolatitudes. In the Southern Hemisphere they generally occurred between latitudes 40 Њ S and 50 Њ S, based on the sea-floor spreading reconstructions of Veevers (1986) and Veevers et al . (1991) . Despite this southern palaeolatitude the palaeotemperatures were warmer than at present, as indicated in the S 18 isotope record (Shackleton & Kennett 1975) . The types of plant species living in the peat swamps, and incursions of tropical foraminifers into the adjacent marine environments also indicate elevated palaeotemperatures (Bowler 1982; Truswell & Harris 1982; Li & McGowran 1994; Sluiter et al . 1995; Holdgate & Gallagher 1997) . In the Latrobe Valley (and applicable to the Parwan Trough at the same latitude) mean annual palaeotemperatures derived from the coal pollen spectra and macrofossils averaged approximately 19 Њ C, with mean minimum and maximum monthly temperatures averaging from 8 Њ C to 28 Њ C. The mean annual rainfall was approximately 2000 mm, with a mean minimum and maximum monthly rainfall averaging between 60 mm and 400 mm . Major faunal changes also occurred in the contemporaneous marine carbonate sediments, e.g. the appearance of larger benthic foraminifers in the Batesford Limestone and in the N7 Zone of the Gippsland Limestone, which is thought to signify upwelling events accompanying global oceanic changes (Li & McGowran 1994; Gallagher et al. 2001) .
(5) The interval of time covered by the Miocene coal depositional period corresponds to the apogee of the Miocene oscillation, often referred to as the mid-Miocene climatic optimum (McGowran & Li 1994) . The three coaly cycles (Maddingley M1A coals, Truganina M10 coals and Yallourn coals) are associated with the mid-Miocene climatic optimum, and each cycle is separated by major sequence boundaries recording significant sea-level fall (Haq et al. 1989) (Figure 2 ). The cycle boundaries are often accompanied by widespread erosion between seams (e.g. the erosion boundary on top of the Maddingley Seam, and between Yallourn and Morwell Seams in the Latrobe Valley: Holdgate 1996) . Major floral changes occur between seams of different cycles. For example, the aseasonal closed-canopy forests of the Maddingley/Morwell Seams contrast with the seasonally changing sclerophyll shrublands of the Yallourn Seam with its accompanying influence of fire (Blackburn & Sluiter 1994) . After the midMiocene, further coal developments in Australia did not occur as the continent drifted into more arid climatic zones. The climatic indicators record the progressive decrease in temperatures into the late Neogene and the decline of conditions favourable to thick brown-coal deposition. The close similarity of the stratigraphic succession in the Parwan Trough to that of the Latrobe Valley, indicates that these Miocene coal measures were responding to the same coastal processes despite being in a different basin.
CONCLUSIONS
The Port Phillip Basin is considered to be a northern extension of the Otway and Torquay Basins. The central deeper parts of the Port Phillip Basin include from north to south the Ballan Graben, Parwan Trough and Sorrento Graben. Coal-bearing Tertiary Werribee and Yaloak Formations are thicker and largely confined to these structural features. New drilling data for brown-coal exploration defines the boundary trends of the Parwan Trough. Basal sediments in these troughs include upper Upper Cretaceous sequences not previously described. The Werribee and Yaloak Formation sediments comprise predominantly non-marine sandstone, claystone and coal with some interbedded basaltic lava and tuff of the Older Volcanics. These strata mainly lie unconformably on Palaeozoic basement.
The upper part of the Werribee Formation is disconformably overlain by Miocene marine carbonate sediments of the Fyansford Formation, and a facies change also takes place between the Maddingley coal seam and Fyansford marine equivalents in the Port Phillip Bay area, and west towards Geelong. A thinner Truganina Seam occurs in the basal beds of the Fyansford Formation.
Isopachs for total Maddingley coal seam show that it is confined to the previously developed Parwan Trough between Bacchus Marsh and Altona. Maximum seam thickness is 40 m over a strike length of 35 km, with a potential coal resource of over 7500 Mt. The older coal seams are thinner and occur in the upper Middle Eocene and Lower Eocene. The Eocene coals are better developed in the Ballan Graben and Lal Lal Basin.
Marine influence, preserved as elevated (>2%) organic sulfur-in-coal content increasing towards the southeast, suggests that the Maddingley and Truganina Seams were deposited for the most part close to a brackish-marine environment where sulfur-fixing bacteria were active. Deposition of the Maddingley Seam took place prior to a major marine transgression. Coal lithotype logs show that the Maddingley Seam can be subdivided into two cycles separated by a short marine transgression in the middle of the seam.
The Miocene coals formed during the apogee of the midMiocene climatic optimum in a subtropical climate. Thick seam deposition was also enhanced by high sea-levels, adequate depositional space and barrier buildup across a graben entrance.
